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Abstract  
The following report is based on the project made by EPS semester group five. The decisions 
and problems faced are derived from the Maxi-RUF project. The Maxi RUF is a concept of 
public transportation for use in and between urban conurbations. The first part of the 
report will contain information discussing the Maxi-RUF concept in more detail. 
The problem faced in the project is the entry system currently used in the RUF, it was the 
task the group to alter and justify the chosen mechanism in accordance to the limitations 
given. This does not just involve the working mechanism of the door, but the users as well. It 
is important that the system be user friendly for everyone. Users must be able to access the 
Maxi-RUF safely, quick and with a positive attitude towards the system.  
The group initiated the project with a mind map of the problem as a whole. A more 
focussed brainstorm was then undertaken, specifically looking at the door system. Idea 
generation followed and those ideas were then developed into a set of possible solutions. 
The most effective concept was chosen by using a ‘Kesselring’ weight and rate technique. 
This process was repeated when the group chose a working mechanism for development 
into the final solution. Finally, the group made a working CAD model with the materials, 
tolerances and strength analyses as well as an animation of the system working. 
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During the project, it was concluded that with more time, other parts of the project could 
have been better specified such as the interior design and anthropometrical considerations. 
The group’s decision was to leave such parts so as to focus on the door system. “To redesign 
the entry system of the Maxi-RUF”.  
The group concluded that in different countries the demands and standards change. The 
group researched this and discovered certain design issues which felt needed to be 
addressed. Work was undertaken in this however due to time restraints this work was not 
prioritised and needs more research in the future. 
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Preface 
Transport is a big problem, traffic jams, accidents and pollution are problems that are caused, or 
partly caused by transport. Public transport eases some of these issues but does not alleviate them 
Populations have grown, cities are larger and people are attached to freedom of transport choice. 
The number of cars has risen, increasing the number of traffic jams. A new revolution is necessary to 
solve to problems and improve our environment. 
Inspired by the car and train, inventor Palle R Jensen came up with the RUF system. RUF 
international is the company behind the system, a dual mode transport concept which uses the 
flexibility of a car as well as the speed and efficiency of a train. A public transport system for use in 
highly populated cities. The system uses a mono-rail, to travel fast and charge the vehicle’s batteries. 
The vehicle can then leave the rail and travel distances up to 50km on those batteries. 
The RUF has several variations. The Maxi-RUF is a public transport vehicle with a capacity of 10 
people. It is 7 meters long, 2 wide and 2 meters high. The RUF consists of three compartments, 
driver, passenger- and motor compartment. The problem is that the Maxi-RUF’s is too high. It is not 
possible to put two rails under each other in the existing tunnels and bridges. The Maxi-RUF has to 
be twenty centimetres smaller to attain this.  
There are problems with the existing door; it opens upwards, above the RUF. This means the space 
needed for the RUF has to be larger to allow the doors to open and close. Moreover, the existing 
door allows rain to enter when opening and closing. The following report will be looking at how we 
as a group addressed these problems 
Our project is to redesign the entry system of the Maxi-RUF following the new limitations and 
demands. For our own interest, the group decide to look at the interior design as well because the 
doors have a great influence on that. Our goal is to design the new door and make a 3D CAD 
software animation of the system.   
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The report is meant for the supervisors of the project, David Ashworth and Wolfgang 
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1 CHAPTER 1- INTRODUCTION 
1.1 INTRODUCTION TO THE TEAM 
The following project has been completed by a team of international students, from a 
selection of countries across Europe. The experience of team work together has been of a 
very positive one, the team worked together very effectively. The enthusiasm and interest 
displayed by all the members made the completion of the project easier. The 
communication skills shown throughout the project have been of a high standard, it has 
possibly been this which has made this project a success. The communication skills also 
improved as the project advanced. 
Figure 1.1 shows a picture and the studies of each member of the project.  
 
 
Figure 1.1: Team members 
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Strengths and weaknesses of the team members 
Belbin team roles is a system developed by Dr. M. Belbin and proved by extensive research and development 
over more than twenty years. The system considers an individual's preference for the role they play when they 
inter-react with other people. A variety of team-role types have been identified:- 
 Plant. Creative, imaginative, unorthodox, solves difficult problems. 
 Resource Investigator. Extrovert, enthusiastic, communicative. Explores opportunities, develops 
contacts. 
 Coordinator. Mature, confident, a good chairperson. Clarifies goals, promotes decision making, 
delegates well. 
 Shaper. Challenging, dynamic, thrives on pressure. The drive and courage to overcome obstacles. 
 Monitor Evaluator. Sober, strategic and discerning. Sees all options, judges accurately. 
 Team worker. Co-operative, mild, perceptive and diplomatic. Listens, builds, averts friction. 
 Implementer. Disciplined, reliable, conservative and efficient. Turns ideas into practical actions. 
 Completer Finisher. Painstaking, conscientious, anxious. Searches out errors and omissions, delivers 
on time. 
 Specialist. Single-minded, self-starting, dedicated. Provides knowledge and skills. 
 
Source: http://www.ecam.nu/belbin.htm 
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Figure 1.2: Strong points of each team member created by the Belbin test 
In the figure above you can see the strong points of every team member. Throughout the 
project everyone’s strong points have been utilised. The person with the highest score in a 
particular part is named in the figure 1.2. The Belbin test also gave the weak points of each 
team member, as you can see in the figure below. The project members watch out for each 
other’s weak points.  
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Figure 1.3: Weak points of each team member created by the Belbin test 
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1.2 INTRODUCTION TO THE PROJECT 
Transport is a troubling issue, oil and natural resources are depleting and as populations 
grow as do the demands for these resources. Environmental damage is also prevalent; 
climate change and air pollution go hand in hand with existing transport systems as they use 
oil and natural resources which give off vast amounts of hydrocarbons.  
RUF stands for Rapid Urban Flexible; it’s a transport system for large cities. It all started 
when inventor Palle R Jensen had the idea of combining the best aspects of a car (flexibility) 
with the best aspects of a train (environment/efficiency/speed). The solution is a dual mode 
system where you can use rail or road. 
The RUF Concept 
There are four variations possible of the RUF, Maxi RUF, Midi RUF, Mini RUF and the RUF. 
The Midi RUF for five passengers, the RUF for four passengers, Mini RUF for two passengers. 
This project focuses on the Maxi RUF. 
The maxi RUF is a public transport unit for ten passengers. The Maxi RUF is seven meters 
long, two meters high and two meter wide.  
The Maxi-RUF is a minibus type concept which is designed to be used as a mass form of 
flexible public transport.  
  
  Figure 1.4: Maxi-RUF    Figure 1.5: Width profile 
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 Source: http://www.ruf.dk/maxi/index.htm 
Figure 1.6: Length profile with compartments 
The maxi RUF is for use by everyone like current public transport systems. The Maxi-RUF has 
many possibilities inside the cabin as you see in figure 5 (reference right to left). Above the 
Maxi-RUF exists out of 3 parts. The first compartment is the driver/chauffeur’s 
compartment, reserved space only for the driver. The middle compartment is for the 
passengers and it is here where there are various possible seating arrangements. The last 
compartment is for the motors, batteries and drive gear. One concept of the RUF is that 
middle compartment is of a modular design and therefore this module can be changed. For 
example in busy hours a larger capacity module is used; however for long transits a more 
comfortable individual spaced system is used. 
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The RUF driving system 
 
Figure 1.7: RUF driving system 
Source: http://www.ruf.dk/ruf.doc 
The RUF uses the same driving system for on the rail and road. Two driving wheels set the 
RUF in motion, where there are two rail wheels, which give the RUF stability in transit. The 
RUF is locked on the rail, derailing is impossible in this design. The powering of the RUF will 
exist out of 2 electrical motors, which are also used for braking. For a quick stop, the brake 
in the back of the RUF can be used.  
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The RUF rail 
 
Figure 1.8: RUF Rail 
Source: http://www.ruf.dk/Dualmode.ppt 
The rail charges the batteries of the RUF. The internal space of the rail can also be used for 
installations, for the RUF or the city. It is possible to power the rail by solar and or wind 
energy. The RUF does not stop on the rail. Every RUF can only leave the rail in certain 
‘junctions’, 5 km apart. So on the rail, all the RUF’s are riding behind each other in a train to 
increase aerodynamic efficiency. 
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2 CHAPTER 2- STRUCTURE OF THE PROJECT 
2.1 AIM, OBJECTIVES AND PROJECT SPECIFICATION 
The project is about re-designing the doors of the maxi RUF. The existing doors have issues, 
which have to be resolved as the group sees it appropriate.  
The existing door: 
 Opening the door above the RUF takes too much space.  
 Rain protection inside the RUF is compromised. 
 The system is not user friendly almost to the extent of danger. 
In the new design of the door opening system these problems must be solved.  
Our goals: 
 Redesign the door opening mechanism.  
 Increase the comfort and usability for the passengers using the RUF system.  
 To rectify issues with the original design.  
 
 
 
 
 
 
 
Figure 2.1: Existing door system 
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SPECIFYING THE PROJECT 
The project has two target areas:   
 Denmark (Copenhagen and surrounding conurbations) 
 USA (Los Angeles) 
The team has chosen these two areas because it is where RUF international is actively trying 
to sell the rights. Because of the difference in culture and habits we will also redesign the 
interior of the Maxi-RUF. One arrangement for Denmark and one for America as the two 
countries differ greatly. More designs will be generated during the process. Different 
cultures have alternate preferences and methods of doing things. 
Limitations: 
 Maximum height of the Maxi-RUF: 1800 mm 
 The height of the RUF from the ground till bottom is 200 mm 
 Length of the Maxi-RUF: 7000 mm 
 The costs must be minimal. 
 Protection from the rain. 
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2.2 THE PROJECT ORGANISATION 
Here you see the project organisation in the picture below. The Students report to the 
supervisors Wolfgang Schröder and David Ashworth. Their task is to guide the students 
during the project. Palle R Jensen is the owner of RUF international, he provides us with the 
necessary information about the RUF. Palle also joins the meetings with the supervisors if he 
has time. The rotation of president and secretary happens every week between the 
students.   
 
Figure 2.2: Project organisation 
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2.3 RESPONSIBILITY MATRIX 
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2.4 BRAINSTORMING 
The following section will be to introduce the steps the group have made within all the 
design progress to arrive at the final idea solution.  The first task was the brainstorming in 
order to see the whole idea of the Maxi-RUF. Then the group used methods to determine if 
one concept or sketch is better than another, analysing them with some research of current 
solutions.   
2.4.1 INITIAL BRAINSTORM 
During the initial stages of the project there was no clear specification of what the group 
needed to work towards. The group decided that conducting a brainstorming would help to 
focus ideas in a positive direction. The ideas were divided into two main categories: 
technical ideas and usability solutions. The method was to use post it/sticking notes to allow 
freedom and let ideas flow. The group wanted breadth of ideas as opposed to depth to give 
a large ideas base to start from.  Detailed below is the compilation of the overall 
brainstorming shown in figure 2.3. 
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TECHNICAL IDEAS 
1. Possibilities of enhancing the rail, in terms of structure and function 
2. Gearing systems utilised in the design for heightened efficiency 
3. Research into energy braking systems to charge the batteries 
4. Materials development and the implementation of new materials 
5. Addition of solar panels into the system 
6. Hydraulics and pneumatics used for substitutions of electric motors 
7. Development of lights within the system for increased usability. 
8. Technical solutions for environmental issues. 
9. Study of airflow on the project for increased efficiency at speed 
10. Addition of wireless control systems to takeover traditional copper wiring 
11. Development of batteries for increased energy efficiency, mass reduction 
12. Increase the life cycle of batteries 
13. The possible introduction of magnets due to advantages in speed to propel the RUF 
14. Fault detection systems. 
15. An increase in system safety 
16. Development of electrical systems to make user interfaces more simple 
17. Aesthetics of the Maxi-RUF design, could tie into aerodynamics 
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USABILITY SOLUTIONS 
1. Usability testing, alterations of systems already in place for better ergonomics with 
passengers 
2. Look into the user experience of the system, making the system enjoyable to use. 
3. Design of the station and docking systems 
4. Ergonomics and anthropometrics of the system to be assessed  
5. Handicap solutions without sacrificing other systems 
6. Development of seating, interior, computers and anything to make the passenger 
experience more enjoyable 
7. Bicycle and luggage space inside the vehicle 
8. All usability solutions have to factor in cost 
9. Re-design and develop an efficient and aesthetically appealing door 
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Figure 2.3: Initial ideas on Maxi-RUF 
2.4.2 BRAINSTORMING – DOOR SPECIFIC 
Upon reflection of the initial brainstorm and the ideas created, the group concluded that 
conducting a secondary, more specific brainstorm would allow channelling of ideas 
positively. The group decided to limit interest specifically to the entry system but retain the 
two previous topics of technical solutions and usability solutions. Reference figure 2 shows 
the specific brainstorming of the door. 
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TECHNICAL IDEAS 
1. Electronic systems need to be considered such as electronic control boxes and wiring 
systems. 
2. Electrical systems are important for powering systems and being used for safety 
systems. 
3. Battery systems are important for powering systems and being used for safety 
Systems. 
4. Waterproofing of the door so user do not get wet. 
5. Looking into regulations of design such as ISO, EN, BSI. 
6. Lighting systems within the RUF can be used for human interfaces. 
7. Hinges for the opening and closing of the doors. 
8. Guiding rails have to be used to move the seat out of the Maxi-RUF. 
9. Actuators can be used to push the chair out of the Maxi-RUF on the guiding rails. 
10. Mechanical systems can be used to operate parts of the system. 
11. Hydraulics and pneumatics can be used to move parts of the system without 
electronic motors. 
12. Design of the windows for lighting within the Maxi-RUF. 
13. Dimensions; limiting factors under 2 meters tall. 
14. Materials choice is incredibly important for usage.  
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USABILITY SOLUTIONS 
 
1. Feedback Systems to make the door stop if it hit another object when opening. 
2. Opening speeds- making it suitable for usage and bus shopping times. 
3. Safety is important for the system, above all else the user cannot be at risk when 
using. 
4. Entertainment ideas to make the user experience more enjoyable. 
5. Environment within the cabin is important to make enjoyable for the users. 
6. Accessibility for all users. 
7. Anthropometrics must be examined so all people can use seats and doors. 
8. Ergonomics and usability, such as comfort of the seats etc. 
9. Luggage storage for bags and items under seat storage. 
10. Bicycle storage- incorporate storage of bicycles on Racks etc. 
11. Seat design is very important for the users. 
12. Aesthetics of the design will make the RUF system more appealing for use. 
13. Human interfaces on the system to make it more user-friendly 
14. Possibility of standing Solutions instead of skating at busy periods.  
15. Costing and budgeting have also been considered for the plan. 
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2.4.3 CONCLUSIONS 
At the start of the project the group had a closed idea of how the project was to advance. In 
order to set limits and determine what work to put into the Maxi-RUF the group decided to 
do an overall brainstorm. There were very broad ideas of how the group could contribute in 
the project on each member individual areas of knowledge.  
The first brainstorm was useful because the group could decide what the project required 
and focus on the limitations; the door. Afterwards, the group did a second brainstorm about 
the door itself. In that case taking into account what was attained in the first brainstorm to 
develop a more specific version. The first brainstorm was very useful; the group could 
consider new ideas, which would not have been considered if the first one had not been 
conducted.  When planning the time line of the project the group saw that it would be 
impossible to consider all the ideas in the brainstorm. Therefore it was important to reflect 
upon the brainstorm and conclude which ideas could be taken and which had to be 
discarded. 
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3 CHAPTER 3- DESIGN PROGRESS  
3.1 INTRODUCTION TO THE PRODUCT DESIGN METHODOLOGY  
Within the design process there are steps we have to achieve before obtaining the final 
design. For any project it is of the utmost importance to have a production methodology. 
The design of a specific methodology for every project conceived is illogical and time 
consuming. Therefore it is a necessity to use a pre-determined model, which most fits the 
requirements of the project brief. Shown in figure 3.1 (below) is the famous model of Stuart 
Pugh. This is known as the ‘Total Design Activity Model’. The group decision to use the Pugh 
Design model came from there being a need for a specific structure to the project work. 
Before the project work started the group chose what parts of the model would be most 
critical for our project. Following this a Gantt chart was created to organise the specific parts 
into order, for project clarity. 
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Figure 3.1: 1991 – Total Design – Stuart Pugh 
Source: Pugh, S. (February 1991). Total Design: Integrated Methods for Successful Product 
Engineering. Addison-Wesley. ISBN 0201416395 
We also have held our decisions with the PDS (Product Design Specification) designed by 
Stuart Pugh as well. Figure 3.2 shown below gives ideas about specifications to consider 
during the project, around the outside of the core are 34 individual specifications. These 
specifications are used to choose which the most important parts of an individual project 
are. The model has been created so that the user can discard parts of the specification, 
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which are not necessarily needed. The group’s choices and decisions outlined which parts 
were to be kept and which were not to be used. 
 
 
Figure 3.2: Product Design Specification – Stuart Pugh 
Source: Pugh, S. (February 1991). Total Design: Integrated Methods for Successful Product 
Engineering. Addison-Wesley. ISBN 0201416395 
This chapter includes step-by-step information of how the group have arrived at the closing 
design, going through different methods. There is still much to consider before the final 
design is attained, which is the most efficient at solving the problems discovered during the 
specifying research. Design is complex process that depends on the information given about 
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the specific problem. At early design stages, there are usually only conceptual sketches and 
schematics are available, often unclear and require much interpretation. Still at the early 
stages of design the most important decisions have to be taken. This leads to an information 
contradiction: almost no information is available and yet most of the decisions have to be 
taken. For this reason the group had the aid of brainstorming to attain ideas, however there 
were also two methods used to conclude the final idea. The methodology followed by the 
group was explained above and the group concluded design decisions by using a Kesselring 
method. Following this section, there is going to be details of all the research done in order 
to reinforce the final choice. 
3.2 FIRST SKETCHES 
At the beginning the group started with some brainstorming on different sketches with the 
design restrictions. The limitations of the project are: 
 The door couldn't be higher than 1.8 meters 
 It has to open within 4 seconds 
 Find out a mechanism which is as quiet as possible 
 It has to give protection from the rain 
 Denmark population 
The above restrictions were considered in every sketch. Furthermore, consideration of 
human and technological limitations in the design. 
Many ideas were generated when starting the project; figures shown in following pages are 
some of the ideas, which the group had.  
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3.2.1 A-HALF OPENING SYSTEM DOOR WITH CHAIR GOING OUT 
DESIGN 
This door opening system will be made of two half’s of the door, the bottom half part will 
move downwards to form a platform and the upper side will move upwards where it will 
create a roof protecting the user from rain. The chair in the system moves out of the RUF to 
make it easier for the passenger to enter. The costs would be high and the technological 
aspects of this mechanism are complicated; this system does however fulfil all the 
requirements of the opening mechanism.  
 
 
Figure 3.3: Half opening system door with chair going out 
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TECHNICAL INFORMATION 
The way in which this design is intended to work is through using two equal motors, 
simultaneously opening the doors outwards to a 90 degree angle to the position (figure 3.3). 
There are technical issues with these doors, the scope for safety problems is high, users can 
injure themselves using this system as the design is new and public trends and ideals are not 
adjusted to fit. Users will not be as comfortable getting in and out of the system at first. 
The chair in which the user sits moves outside of the bus in this design this is for the simple 
use and entry into the RUF system. To achieve this, the chair rests on two rails as shown on 
figure 3.3 and uses a simple linear motor to provide the movement. The linear motor would 
require a stroke of around 600mm to move the chair outside of the RUF. 
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3.2.2 B - ACTUAL OPENING SYSTEM OF BUS AND TRAIN 
DESIGN 
This design is in current use in many public transport systems, sliding doors have been 
proven to work efficiently and fulfil all the requirements of the door system. The system is 
well known so there haven't to be any human and technological problems to implement it 
into the project.  
 
 
Figure 3.4- Actual opening system of bus and train 
 
28 
 
The only problem here is how to implement it in the Maxi-RUF system with the current 
restrictions. There is one configuration of seating that must be chosen, two compartments 
with seats facing each other. The mechanism needs space to open thereby there is a 
restriction that if it were singular seating configuration this system would not work. Seating 
arrangement is a vital consideration for this project.  
TECHNICAL INFORMATION 
There are many solutions to achieving this design problem. Figure 3.4 shows the door 
system opening horizontally, the initial idea of how to do this is by using a 
pneumatic/hydraulic system which utilises connecting rods and double acting cylinders and 
a compressor. This is a tried and tested mechanism and may still be used as development of 
a working mechanism moves forward. Another solution will be to use linear motors; there 
would be a need for two linear motors on each door, one on the top and one on the 
bottom. The idea of using a motor and belt system was considered however it was there 
after discarded due to wear on the belts and high maintenance. 
 
 Figure 3.5- Pneumatic actuator in service on current buses 
Source: http://www.vapordoors.com/transit.html 
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3.2.3 C - GOING UP ALL THE WAY ONE INSIDE ITSELF 
DESIGN 
This door would use a retracting system where each part would go one inside the other. 
There is already an existing mechanism that could work for this purpose. The main issue is 
danger to the user as if this could close on a person’s head.  
 
Figure 3.6: Going up all the way one inside the other 
TECHNICAL INFORMATION 
This system uses linear actuators much like the ones used in design idea B. However this 
system would use three smaller units. Each unit makes the door section below it rise up 
inside the one above it. Refer to figure 3.5. The technical issues with this system are that 
there could be some warping distortion as the actuators are only on one side of the door. To 
overcome this you may have actuators on either sides of the door, however this would raise 
costs of the design. The lower two door sections can slide into one another as well as slide 
into the top part, allowing the door to open upwards above the bus. 
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3.2.4 D-SLIDERS INTO THE MIDDLE OF THE BUS 
DESIGN 
With this design there are some technical difficulties that make it implausible. There would 
have to be many waterproofing rubber seals, which add mass and complexity. The main 
issue however is opening time, the opening time has to be less than four seconds, this is 
difficult to achieve in this system as the door has such a large distance to travel to open and 
close. The motor required for this input to this door would have to be powerful, thus adding 
cost.   
The individual slats all move into the unused cavity in the centre of the bus above the rail. 
This takes up possible space for passengers and or their luggage. 
 
Figure 3.7: Goes all the way in the middle of the bus 
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TECHNICAL INFORMATION  
This idea would use a belt system to role the individual parts upwards over the top of the 
RUF and down into the space in the centre, above the rail, which is not being used. The idea 
is to use a belt system with an electric motor attached to each individual slat. The slats 
would be made from transparent hardened Perspex. This system has many moving parts, 
the potential friction and therefore noise is also high. 
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3.2.5 E-GOES UNDERNEATH THE BUS 
DESIGN 
This system is the same as with design C except this system moved downwards below the 
bus. Platforms are used at the ‘RUF stops’, these platforms make entry into the RUF easier. 
The negative parts to this system are the same as design C except that the user cannot be 
hurt from the door closing on their head. 
 
 
Figure 3.8: Goes underneath the bus 
  
33 
 
TECHNICAL INFORMATION 
This system is much the same as the system shown earlier in design C. The alternate idea in 
this system is that instead of going upwards the door can move down.  The idea that people 
have to use raised platforms when getting on and off the RUF, means that the door system 
is hidden away discreetly. Change the driving height of the RUF for more space under the 
RUF, so the door can go beneath the system. For this there would also have to be a raised 
section of the inside of the RUF so the door would have a greater distance to go down 
beneath the RUF. It is also necessary to have good control system in place for this system. 
As the door opens downwards it needs to be stopped before it would touch the ground, as 
this would destroy the door. 
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3.2.6 F-VERTICAL ACCESS HINGE  
DESIGN  
The positive aspects of this mechanism are that it already exists on some buses. The 
negative aspects are that the door opens outwards increasing the profile of the bus, this is 
an issue in urban areas where space on small street can be limited.  
 
Figure 3.9: Vertical access hinge 
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TECHNICAL INFORMATION 
This idea is also based upon the same concept as idea A. However the doors open on a 
vertical axis hinge as opposed to horizontal. This design change was justified in that if a user 
were to be stood too close to the door whilst it opened it could cause injury as it may open 
into the users head and shins. This design would use the same two motors to open and 
close the doors like in design A and the same system to move the passenger seat in and out 
of the vehicle. 
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3.3 SELECTION OF THE FINAL IDEA 
In the last section the group has discussed the initial sketches of opening mechanisms, three 
ideas were chosen to be evaluated,  ideas A, B and C. Here we will use the Kesselring 
method to evaluate what choice of the three is most suitable using the weight and rate 
technique. 
Kesselring was created to help designers make decisions about which design is the most 
favourable. Normally a Kesselring matrix is separated into different categories. For this 
project it has been separated into human and technological aspects. Each individual aspect 
of the table has a score of 1-4 where 4 being the most favourable and 1 being the least 
favourable. 
In the previous sections the group has discussed the advantages and disadvantages of the 
systems and chosen three of them as a possible solution. Now according to those systems 
and the evaluation criteria that have been chosen, they have been discussed and put into 
tables 3.1 and 3.2 
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Human aspects Values 
A B C Ideal 
1 Accessibility                   4 3 3 4 
2 Safety 2 4 2 4 
3 Familiarity with the 
system 
1 4 2 4 
4 Usability 1 4 2 4 
5 Aesthetics  2 3 1 4 
Total X 10 18 10 20 
Total % X 50
% 
90
% 
50
% 
100% 
Table 3.1- Human aspects on Kesselring method 
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Technological Values 
A B C Ideal 
1 Costs                  1 3 2 4 
2 Water proof 1 3 3 4 
3 Mass 1 2 3 4 
4 Maintenance 1 3 2 4 
5 Compatibility (Dimensions, 
limiting factors) 
1 4 2 4 
6 Technical difficulties 1 3 2 4 
7 Door speed 2 4 1 4 
Total X 8 22 15 28 
Total % X 26% 79% 60
% 
100% 
Table 3.2- Technological aspects on Kesselring method 
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Kesselring method let us to construct a graph to show which concept gives the highest 
score, relating to both human and technological aspects. 
 
 Figure 3.10: Diagram showing results of Kesselring Matrix 
The result of the Kesselring Matrix lets the reader see which one of the three concepts is the 
best to choose. Concept A is definitely the weakest of the three. The concept C has stronger 
points in technological aspect than A but still weaker than the concept B. As can be seen 
concept B offers the best score in relation to the other designs. The results of 79 for 
technological aspects and 90 for human aspects far outgo the other two designs. When 
developing the final concept, the group will take in account that the technological aspects 
are weaker and will try to develop them more so. 
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4 CHAPTER 4- DEVELOPMENT OF THE FINAL IDEA 
4.1 INTRODUCTION 
This chapter of the report will contain information detailing the work completed on 
development of the final proposed idea. There will be information on more specific details 
of the design, how these decisions were made and the justifications behind the decisions. It 
will be a discussion on the different mechanical possibilities in order to open the door. First 
the concepts will be explained to show how they work. The driving opening system (e.g. 
electrical, hydraulic or pneumatic) could be any because for our purpose all of them would 
work. For that reason later in the chapter a weight and rate chart will be done to choose the 
mechanical opening door mechanism and either the drive opening door mechanism.  
4.2 DRIVE OPENING SYSTEM POSSIBILITIES 
Using the methodology, the group were able to decide on the final conceptual door 
mechanism – design B. Through the use of the Kesselring matrix this concept could then be 
taken on to development phases. The first was to decide on a mechanism for the opening 
and closing of the door. Initial research led the group to understand that there were four 
possibilities. 
 Linear Actuators 
 Hydraulics 
 Pneumatics 
 Belt and motor system 
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After presenting the data gathered the ultimate decision is to choose the final method to be 
used in the door opening mechanism. The group considered different criteria to decide the 
correct choice of mechanism. The criteria are as follows: 
 Power output 
 Reliability 
 Efficiency 
 Cost 
 Environmentally responsible 
 Safety 
 Maintenance factors 
 Life time 
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4.2.1 ELECTRICAL SYSTEMS 
Throughout history the primary means of energy production has changed many times i.e. 
steam, coal and internal combustion, electrical systems are becoming more dominant in 
global markets. The current automobile has had to adapt and change because of 
adaptations in electronics. Electronics has changed the way motors work in terms of 
controlling factors. The vast majority of motor systems in use today are controlled by a pre 
programmed micro controller, which can intelligently alter the working parameters of motor 
systems. (e.g. change the velocity of the door opening/closing, stop the door when pressure 
sensors detect an obstruction, change the torque, etc). In the group’s case, after studying 
the possibilities of electrical systems for use, they concluded that linear and step motors 
were viable for use. Nevertheless there are some other possibilities like piezoelectric or wax 
motors but these were not considered because their applications are not suited for door 
mechanisms.  
ELECTROMECHANICAL LINEAR ACTUATOR  
An electromechanical linear actuator is a device that converts rotational motion (like an 
electric motor) into a linear motion. 
Every company has its own property mechanism but we will describe the generalised 
working method.  
As can be seen in figure 25 the electric motor is attached to a lead screw so that the rotation 
of the motor will make the screw rotate as well. There is a fixed lead nut with the 
corresponding helical threads and therefore when the lead screw rotates the nut is moving 
along the screw. If something like a rod-less is connected to the nut the rotational 
movement is converted in linear motion. 
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Figure 4.1- Principle of a linear actuator 
Source: http://en.wikipedia.org/wiki/Linear_actuator 
Figure 4.2 is an example of an electrical linear actuator currently in use. 
 
 
Figure 4.2: Linear actuator  
Source: http://www.duffnorton.com/products/electromech.aspx 
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Advantages 
 
 Low cost.  
 The system can have a long life cycle if well maintained, as there are only two 
moving parts under stress.  
 Operation can be automated and regulated using programming; i.e. if the doors have 
to open a determined distance.  
 Self-contained unit can be bought as one part limiting complexity.  
 Identical behaviour extending or retracting, giving consistency through use.  
 A choice of DC or Stepping motors can be used with the system.  
 Position feedback possible. 
 
Disadvantages 
 
 Many moving parts prone to wear if not maintained properly/used intensively. 
 Each individual unit could be expensive due to precision machining required on the 
screw thread. 
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BELT DRIVING  
This is another system that could be used. The operation is very simple where two rotating 
drive shafts are connected using a drive belt; see figure 4.3 below. The typical motor to be 
used here is a closed loop stepper motor where an encoder is required in order not to lose 
position. 
Figure 27 shows typical drive belt used, there are many applications for a drive belt system 
such as timing belts on IC engines. 
 
 
 
 
 
 
Figure 4.3: Drive belt   
Source: http://www.cprparts.co.uk/cw2/assets/product_thumb/gatestimingbelt.jpg  
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Figure 28 illustrate a possible configuration of a belt system that could be implemented in 
the door mechanism.  
 
 
 
 
 
Figure 4.4: Belt System  
Source: http://www.tolomatic.com/products/product_detail.cfm?tree_id=97 
Advantages 
 
 High efficiency, energy loss in the system is minimal due to the direct relationship 
between motor and belt system 
 The speed of the opening can be altered and determined easily. Forces and torque 
involved can also be altered with programming. 
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Disadvantages 
 
 High cost, need for toothed pulleys. Precision machining is an expensive process 
 Less protection from overload and jamming. More variables to go wrong with the 
system 
 No clutch action on the system means that programming would have to be designed 
for the doors to increase movement steadily. 
 The belt can be prone to wear,  altering forces of the motor will lessen the lifespan 
of the belt through use 
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LINEAR MOTORS 
A linear motor consists of two coils in the stator, pulsed by an AC (alternating current) and 
permanents magnets in the stator. When the coils are set they create a temporary magnet 
and that cause the rotor to move in linear fashion. The force appears when there is a 
movement of electrons and a magnetic field is produced (with the magnet in that case) 
according to Lorentz equation (F = qv × B). 
 
Figure 4.5: Principle of the linear motor 
Source: http://en.wikipedia.org/wiki/Linear_motor 
 
 
 
 
Figure 4.6: Linear motor examples 
Source: http://motion-
controls.globalspec.com/SpecSearch/Suppliers/Motion_Controls/Motors/Linear_Motors 
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Advantages 
 
 Simple design.  
 Minimum of moving parts.  
 High speeds possible.  
 Self contained.  
 Identical behaviour extending or retracting. 
Disadvantages 
 Highly Expensive 
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4.2.2 HYDRAULICS 
Hydraulics is a viable option in this concept for the main reason that commonly the main 
output for a hydraulic system is in the form of a cylinder. Although there are many other 
applications for hydraulics, this door system would use hydraulic cylinders/pistons to open 
and close the doors. Shown in figure 4.7 is a preliminary hydraulic circuit diagram of how the 
system would work if it were to be place in the RUF. 
 
Figure 4.7: Basic Hydraulic Circuit Diagram 
Below is list of the advantages and disadvantages of a hydraulic system. 
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Advantages 
 Output for a hydraulic system is enormous, being able to create enough force to 
move the door system is not an issue 
 Hydraulic systems are tried and tested in similar circumstances, systems design is 
proven to be a success 
 Components already exist for the system; using standard parts will make production 
far simpler. 
 Hydraulic systems are very safe, reliable and predictable. Hydraulic fluid does not 
compress under pressure therefore any risk of catastrophic failures. 
 Maintenance involved in hydraulic circuits is low as there are few moving parts 
because the fluid transfers energy. Therefore lower running maintenance. 
Disadvantages 
 Hydraulic systems have large initial investment costs due to the system components. 
The pumps, valves and oil lines are expensive – heightened investment. 
 System design is crucial for hydraulics as the potential forces are very high. 
Potentially high enough to cause damage to users or the RUF if not regulated 
carefully, therefore the system must be implemented with safety tolerances and 
contingency systems. 
 Mass of a hydraulic system must be factored in. Hydraulic systems can be heavy; any 
extra mass reduces the efficiency of the RUF, which is the main selling point of the 
system. 
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4.2.3 PNEUMATICS 
The possibility of pneumatic systems within the RUF is an interesting concept. As with the 
hydraulics system the output from a pneumatic design would be cylinders, which would 
open and close the doors using compressed air from an accumulator tanks. From research, 
the group have discovered that there are many door opening mechanisms utilising 
pneumatics. Below are the advantages and disadvantages of using a pneumatic system. 
 
Figure 4.8: Basic pneumatic circuit diagram 
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Advantages 
 Pneumatics systems are not as heavy as hydraulics as there is no need to use oil, 
aside from lubricant of moving parts, which is marginal. 
 Tried and tested systems already in use can be adapted, lowering investment costs 
of the RUF 
 Individual part costs for pneumatics are less 
 It is easier to achieve higher piston velocities in a pneumatic system over hydraulic 
lowering opening/closing times 
 Potential torque and forces used in pneumatic system are lower. Lowering the 
chances of damage to users and the system. 
Disadvantages 
 Pneumatics are more liable to maintenance issues 
 Noise is an issue with pneumatics, when accumulator release valve operates it can 
be quite loud. 
 Pressure in pneumatic system is dependent on accumulator pressure, if pressure is 
not high enough; i.e. the doors are demanding too much pressure it can slow down 
opening times. Therefore it is crucial to work out peak pressure demand. 
 Safety is more of a concern with a pneumatic system. Bernoulli’s principle states that 
gases of high pressure will transfer to areas of low pressure, as liquid cannot 
compress and increase in pressure there is no issue with this. Pneumatics however 
can have this happen with catastrophic effect 
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4.3 MECHANICAL OPENING MECHANISM IDEAS 
The whole idea of this concept is to push out the door and then that slides at each side. The 
group has come up with different opening system that will open the door in one or two 
movements. The different configurations are discussed below. 
4.3.1 CONCEPT A 
Attached to the vertical shaft on the top it would be a motor to help the door rotate and 
therefore move outside. Afterwards a linear actuator (cylinder or motor) would move in 
linear motion inwards in order to slide the door and open it. Some considerations for that 
system would be that the cylinder/motor have to have a floating end to allow the pop out 
mechanism works so a system with one grade of liberty.  
 
 
Figure 4.9- Concept A, floating motor/cylinder 
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4.3.2 CONCEPT B 
The difference between this system and the one we find in Figure 4.9 is that we would 
change a rotating motor for a cam. A cam is well known piece used to convert rotary motion 
into linear motion. For our purpose we would use it as a pop out mechanism. When the 
door would be pulled the cam would push against a metal block and push the door 
outwards without using any other mechanism. The cylinder still has to be a floating one. The 
system would have to use a rail system at the top and at the bottom part of each door.  
The concept with its named parts can be found in Figure 4.10.  
 
 Figure 4.10 - Concept B, floating motor/cylinder 
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4.3.3 CONCEPT C 
This system would contain one piston to make the door come out and the other one to 
slide. The piston would push against a rotary bearing and produce a rotating movement that 
would make the door pop out. The upper system would be connected to the bottom 
mechanism by a shaft in order to make a coordinate movement. When the movement is 
finished then the sliding mechanism starts to pull the door.  
The consisting parts of the system are showed in the Figure 4.11. 
 
 
Figure 4.11- Concept C, floating motor/cylinder 
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4.3.4 CONCEPT D 
This mechanism will contain a cam pushed by a piston or motor that when start it will pop 
out the door. When the door is pop out a floating cylinder or motor will produce the door to 
slide.  
 
Figure 4.12- Concept D, floating motor/cylinder 
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4.3.5 CONCEPT E 
This mechanism uses a well-known scissor system to pop out the door. In this concept the 
scissors would be connected to the door and also to the cylinders by meanings of a 
mechanical mechanism. A rail system is required for the push out and the doors horizontal 
opening.  Two empowering systems that could be two cylinders or motors would be needed 
to make the sliding movement and finish to open the door.  
The representation of the concept with their parts named can be seen in the Figure 5. 
 
 
Figure 4.13- Concept E, scissor system with two cylinders   
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4.3.6 CONCEPT F 
 
There is not much difference between this concept and the last one. The only difference is 
that the scissors are not connected to the door. The scissors have their own motor.  
 
Figure 4.14- Concept F, floating motor/cylinder 
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4.3.7 CONCEPT G 
 
That system uses one specific cylinder or motor to power the scissors instead of a 
mechanism connected to it. Also a unique double acting cylinder or a twin lead screw would 
be used to open the door with only one component instead of one for each door. The idea of 
opening is still the same. 
Figure 6 shows how the mechanism would look like.   
 
 
Figure 4.15- Concept G, floating motor/cylinder 
 
4.3.8 CONCEPT H 
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The system would use two drive systems one to push out and the other to slide 
differentiated. The pop up mechanism would consist of a motor or piston attach to the door 
that would have two Accuride slides.  The sliding mechanism uses a piston attached to a rail 
system that when moving opens the door. Although it could use many systems to slide, a 
rotating screw could be another option to consider. The bottom part has a rail for stability 
and security 
Figure 4.16 shows the concept with its parts.  
 
Figure 4.16- Concept A, floating motor/cylinder 
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4.3.9 CONCEPT I 
This mechanism is potentially the same as the F and G with the main difference that the pop 
out mechanism and the door are connected to the scissors. So, in this system you only use 
one motor to control the door. 
 
 
 
Figure 4.17- Concept I, scissor system with one piston/motor 
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4.3.10 CONCEPT J 
The concept J is the same as the concept H but with the difference that it uses two 
piston/motors for the sliding mechanism. Figure 4.18 is a representation of the concept. 
 
 
Figure 4.18- Concept J, difference push out with one piston in the sliding  
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4.4 SELECTION OF THE MECHANICAL DRIVE OPENING MECHANISM 
 
Mechanical opening mechanism  
 
The selection of the final idea for the opening system was a difficult task. In the project team 
there was no mechanical engineer. The technical knowledge of the group was low therefore 
generating good technical working ideas was a difficult task.   
The main problem that the team encountered was engineering the components to a suitable 
standard to fulfil the requirements upon them.  After concepts had been created the group 
chose several to be taken onto further development. 
Concepts B, J, and G were chosen because each one shows a different possible solution to 
the problem. For example concept B contains the cam system, concept J uses a motor to 
push out and concept G uses the scissor system.  
To make a decision which concept of the chosen three is the best a weight and rate table 
was required. The table is shown overleaf in table 4.1 
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Opening Mechanism Values 
B J G Ideal 
1 Cost                3 2 2 5 
2 Power needed  3 2 2 5 
3 Life cycle 3 3 2 5 
4 Required maintenance 3 2 1 5 
5 Complexity of the 
system 
2 4 2 5 
6 Compatibility  1 3 3 5 
7 Strength  2 3 3 5 
8 Efficiency of friction 2 4 2 5 
Total X 19 23 17 40 
Total % X 47,50
% 
57,50
% 
42,50
% 
100,00% 
Table 4.1- Weight and rate of the mechanical opening mechanism 
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Concept J is the most suitable, however by it a small margin. Weight and rate analysis can 
give a mathematical analysis of different concepts to come out with the final, most efficient 
result. Although the final outcome was close, it was a group decision to take concept J for 
further development. 
Drive opening mechanism 
In order to select the final drive opening mechanism, more details of the system had to be 
specified.   
Research conducted in chapter 4.2 gave the group the ability the decide which opening 
mechanism should be chosen to be taken on to later development. There was a study of the 
positive and negative aspects of the each of the systems. The project group generated 
criteria to be able to do a final weight and rate matrix to decide which mechanism should be 
used. 
As can be seen the table 4.2 is a weight and rate for the possible drive systems of the door 
opening mechanism.  
Mechanism A – Hydraulics 
Mechanism B – Pneumatics  
Mechanism C – Linear actuator- screw 
Mechanism D – Linear Motor- magnets 
Mechanism E – Belt Drive System 
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Opening 
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Values 
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 Ideal 
1     Cost                2 2 3 1 4 5 
2 Life cycle 4 4 4 4 2 5 
3 Required 
maintenance 
2 3 3 4 2 5 
4 Mass  2 3 3 3 4 5 
5 Safety 3 2 4 4 3 5 
6 Power 
needed 
4 3 4 3 3 5 
7 Efficiency 4 3 3 4 3 5 
Total X 21 20 24 23 21 40 
Total % X 52,50
% 
50,00% 60,00% 57,50
% 
52,40% 100,00% 
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Table  4.2 -  Weight and rate of the driving opening mechanism 
Before doing the weight and rate the group first feelings were that hydraulics would be the 
viable option. Research gave us other options, electrical, pneumatic, linear and belt drive 
systems. 
The electro-mechanical screw system was the option which came out with the best results. 
The second; the linear actuator had a 2.5% lower score than electromechanical screw 
however its downside is that it is very expensive. If the price of that system would be lower, 
then without doubt the linear actuator would be the best choice.  Price is one of the main 
reasons why a system would be discarded as it is such an important factor to consider.  
After the weight and rate matrix had been created for the drive system the group managed 
to get a tour around the metro workshop on the island of Vestamager. On inspection of the 
system already in use on the Copenhagen Metro system it became apparent that they use a 
screw system to open and close the doors. Much the same system as has come out of the 
analysis.  More information about the visit to the metro workshop can be found in the 
appendices. 
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5 CHAPTER 5- CALCULATIONS 
5.1 MOTOR CALCULATIONS  
Below are the Formulas which have been used to work out the motor specifications 
  
5.1.1 SLIDING SYSTEM MOTOR SPECIFICATIONS 
To be able to calculate all the necessary information for the project firstly the group had to 
understand the forces the system would be undertaking. In Figure 5.1 we see the forces and 
the velocity versus the time.  
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Figure 5.1- Forces involved and time constrain of the sliding system 
The total net force (maximum) needed to move the door is 195,82 N. Therefore the 
maximum torque at the motor shaft is 1,93 Nm at 959,89rpm,  consumption of 194W at 24 V 
and maximum current of 8,1 A. 
The total net force to maintain the door at constant speed is 75,6 N. Therefore the nominal 
torque at the motor shaft is 0,75 Nm at 959,89rpm, consumption of 75,99W at 24 V and 
nominal current of  3,17 A. 
All this calculations are totally developed in detail in the Appendix 6. With these calculations, 
we are able to choose the proper motor for the mechanism. 
5.1.2 POP OUT MOTOR SPECIFICATIONS 
To be able to calculate the forces in the system the group must once again understand 
where the forces would be acting up the pop out system. In Figure 5.2 we see the forces and 
the velocity versus the time.  
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Figure 5.2- Forces involved and time constrain of the pop out system 
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The total net force (maximum) needed to move the door is 625,99 N (note: there are two 
motors and the force for one motor would be half of this). Therefore the maximum torque at 
the motor shaft is 2,19 Nm at 1200 rpm, consumption of 275,19W at 24 V and maximum 
current of 11,46 A. 
The total net force to maintain the door at constant speed is 394,2 N (remember that we use 
two motors and the force for one motor would be half of this). Therefore the nominal 
torque at the motor shaft is 1,38 Nm at 1200 rpm, consumption of 173,37W at 24 V and 
nominal current of  7,22 A. 
All this calculations are totally developed in detail at Appendix 6. This calculation gives the 
right information to choose the proper motor for the mechanism. 
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5.2 STRENGTH CALCULATIONS 
INTRODUCTION 
To define the components to correct tolerances firstly there must be calculations on 
components to get an idea of what needs to be specified. 
A contingency situation must be created so as the system can be prepared for peculiar 
circumstances. The situation the group used was that it could withstand the mass of an 80kg 
person hanging on the door without buckling or deformation. 
Weight of components: 
Door (estimation of aluminium frame, panelling and glass window): 20kg/unit 
Accuride for the door:       4kg/unit 
Person middle age:        80kg/unit 
Motors, screw and controller      ±10kg/total 
Safety Factor: 1.2 
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5.2.1 CRITICAL COMPONENTS 
The components that need to be tested for their strength are the components that are tailor 
made for this system. On the next picture all the critical components are presented. 
 
Figure 5.3 – Component Annotation 
1 
1 
2 
2 
2 
2 
3 
3 
3 
3 
4 
4 4 
4 
4 
1. Top Plate (Red) 
2. Door Brackets (Green) 
3. Top plate brackets (Blue) 
4. Door Axe (Yellow) 
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Figure 5.4 Component Annotation 
5.2.2 STRENGHT CALCULATIONS: TOP PLATE 
Presentation 
 
Figure 5.5– Top plate 
Data 
Materials: 
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 Aluminium AL7075-T6 (plate) 
 Steel SI4340 
 AL7075-T6 (plate) SI4340 
Yield Strength (N/m²) 505000000 710000000 
Tensile Strength (N/m²) 570000003.4 1110000000 
 
These two materials are suitably strong alloys, the Steel can take more force before having a 
permanent deformation, but it will have an elastic deformation with a lower force. Because 
there are many component connected to the Top plate, any small deformation will be 
transferred to the other components. Therefore it is best to choose for aluminium, because 
of the more rigid/stiff characteristics of the alloy. The chosen thickness is 5mm for its rigidity 
and possibility to make taped holes in the material. 
Forces 
 Restraints: All the green arrows are the restraints in the 4 points for every Accuride 
on the side. 
 Load: 1 door with Accuride and person hanging= 20kg+4kg+80kg= 104kg 
Each Accuride is connected by 4 points; this means a load of 26kg in each point. 
26kg x 9,81N/kg = 255,06N 
They are indicated with purple arrows. 
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Because the model was too complicated for the computer to use, we simplified the form by 
removing the holes on which the Accurides where connected on the side. The blue faces are 
the fixed faces. 
 
Figure 5.6 – Top Plate Forces 
Results 
The internal forces in the material should not be higher than the Yield strength of the 
material with the safety factor. 
Yield Strength: 505000000 N/m², Safety Factor: 1,2 
This means that the maximum forces can be: 420833333,333 N/m² 
The result of the COSMOS Works: 
Stress plot: 
We can see that the highest stress in the Top plate is located on the corner of the accurides 
on the side. 
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Figure 5.7 – Top plate Stress plot 
The highest forces are 4,063 x 108N/m² which is lower than the Yield strength with Safety 
factor. Also the forces are lower than the Tensile strength this means that there won’t be 
any deformation with these forces. 
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Displacement: 
The main deformation on this component is situated in the middle where the deformation 
can be up to 1.824mm. This deformation is not extreme and more than acceptable.  
 
Figure 5.8 – Top plate deformation plot 
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Conclusions 
The Top plate is strong enough to resist the forces of the door and a person hanging on it, 
without to much deformation. 
5.2.3 STRENGHT CALCULATIONS: BRACKET FOR TOP PLATE 
Presentation 
 
Figure 5.9 – Bracket for top plate 
Data 
The chosen materials are the same as for the Top Plate; AL7075-T6 (plate) 
 AL7075-T6 (plate) 
Yield Strength (N/m²) 505000000 
Tensile Strength (N/m²) 570000003.4 
The only difference is that the brackets are build out of 3mm plates instead of the 5mm 
plate for the Top Plate. 
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Forces 
 Restraints: All the green arrows are the restraints of the bracket where it is attached 
to the roof. 
 Load:  There is one Accuride connected to the bracket which makes the Top plate 
slide in and out. The total weight of this system is: 
 
Doors   40kg 
Accurides (2x2) 16kg 
Motors etc.  10kg  
Top plate  4,6kg  
Person   80kg    + 
150,6kg 
Each Accuride is connected by 3 points, and there are 2 brackets to hold the entire system, 
this means a load of 25.1kg in each point. 25,1kg x 9,81N/kg = 246,231N 
They are indicated with purple arrows. 
 
Figure 5.10 – Bracket Forces 
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Results 
The internal forces in the material should not be higher than the Yield strength of the 
material with the safety factor. 
Yield Strenght: 505000000 N/m², Safety Factor: 1,2 
This means that the maximum forces can be: 420833333,333 N/m² 
The result of the COSMOS Works: 
Stress plot: 
   
Figure 5.11 – Bracket Forces 
The highest force is 6,002 x106 N/m² and is located in the holes where the screws of the 
Accuride are connected. The forces are very low, and comply with the limitations.  
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Displacement: 
The biggest displacement is located also on the side where the Accuride is connected. 
   
Figure 5.12 – Bracket Displacement 
The movement in the corner is 4,688 x10-6 m or 0,009377mm, this displacement is 
negligible. 
Conclusions 
Both the Forces and displacement in the brackets are negligible. The bracket is strong 
enough for the support of the system with a person hanging on the door. 
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5.2.4 STRENGHT CALCULATIONS: DOOR BRACKET 
Presentation 
 
Figure 5.13 – Door Bracket 
Data 
The chosen materials are the same as for the Top Plate; AL7075-T6 (plate) 
 AL7075-T6 (plate) 
Yield Strength (N/m²) 505000000 
Tensile Strength (N/m²) 570000003.4 
Like the Top plate the brackets are build of 5mm thick Al Plate.  
Forces 
 Restraints: All the green arrows are the restraints of the bracket where it is attached 
to the Accuride. 
 Load:  The bracket should be able to take the load of 1 door and a person hanging on 
the door. 
80kg + 20kg = 100kg  100 kg x 9,81N/kg =  981N 
85 
 
 
Figure 5.14 – Door bracket forces 
Results 
The internal forces in the material should not be higher than the Yield strength of the 
material with the safety factor. 
Yield Strength: 505000000 N/m², Safety Factor: 1,2 
This means that the maximum forces can be: 420833333,333 N/m² 
The result of the COSMOS Works: 
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Stress plot: 
  
Figure 5.15 – Door bracket stress plot 
The highest force is 1,688 x108 N/m² this force is located where the door bracket is 
connected to the accuride. The forces are less than the Yield strength with safety factor and 
are acceptable. 
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Displacement: 
 
Figure 5.16 – Door bracket Displacement plot 
The biggest displacement is located also on the lower side of the bracket. The displacement 
is 4,522 x10-4 m or 0,4mm, but because the door is also attached to a rail on the lower side 
this displacement will be smaller then 0,4mm and will only consist of the flexing of the door. 
Conclusions 
The door bracket is strong enough to hold all the forces of the door and a person hanging on 
it. The door will also be supported by a lower rail that will provide more strength. 
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5.2.5 STRENGTH CALCULATIONS: DOOR AXE 
Presentation 
 
Figure 5.17 – Door axe 
For the door axe we need to calculate if it can take the strength of a person hanging on the 
axe when it is stepping in and out. 
For the calculations we have removed the two Axe Corners and sliders because they have no 
influence on the result. 
Data 
The door axe is build out of standard AISI304 Stainless Steel with following data: 
 AISI 304 
Yield Strength (N/m²) 2068070000 
Tensile Strength (N/m²) 517017000 
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With a safety factor of 1,2 it means that the forces can’t be higher than: 1723391666,66 
N/m² 
Forces 
 Restraints: The axe has 1 degree of freedom in the Axial direction.  
 Forces: 1 person hanging with all his force: 80 kg = 784,8 N 
 
Figure 5.18 – Door axe forces 
Results 
Stress Plot 
 
Figure 5.19 – Door axe stress plot 
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The highest force is 1,779 x108 N/m² and is 10 times smaller than the yield strength with 
safety factor. Also the Tensile strength is higher than the maximum forces which means 
there will be very small movement in the material. 
Displacement 
 
Figure 5.20 – Door axe displacement plot 
The maximum displacement is as expected in the middle where the force is being applied. 
The displacement is 2,964 x10-3 or 2,964mm. This is big a displacement; this size of 
displacement can give problems to the bearings if they are sensitive to such movements. 
Conclusion 
The axe is strong enough to take the forces of a person going in or out of the Maxi RUF when 
they are holding themselves to the axe. The only thing that has to be researched further is 
the consequence of the displacement for the bearings.  
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6 CHAPTER 6- FINAL DESIGN COMPONENTRY SPECIFICATION 
Introduction  
This section of the report shall contain information detailing the specifications for each 
component of the door system. Specifying the materials and details means that tolerances 
can be determined. Once tolerances have been decided designing the individual 
components is then possible. It must be noted that all of the CAD images in this chapter are 
of preliminary of nature and the are visual aids, finalised solutions of the working model are 
shown in subsequent chapter. Figures 6.1 – 6.4 show an overview of the system with 
annotated numbers corresponding to that component with a description on each.  
 
Figure 6.1- overview of the system 
9 8 
6 
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Figure 6.2- Down view of the mechanism 
  
 
 
Figure 6.3- Closed view 
7 
5 4 
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Figure 6.4- All the componentry  
3 
2 1 
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Accuride slides (1) 
These components are the main mass bearing systems used within the mechanism. They are 
linear ball bearing slides, which have a low co-efficient of friction. The slides themselves use 
dry bearings, still giving a low coefficient of friction. The slide casing is made from pressed 
stainless steel sheeting formed and assembled to give high strength profiles in certain axis 
 
 
Figure 6.5 – Accuride Slide 
Image sourced – www.accuride.com 
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The figure below details a cross section of an Accuride slide. The figure used below is not the 
specific Accuride slide to be used in the final mechanism, the figure below is merely a 
visualisation of a cross section of an Accuride slide. It must be noted that these ball bearing 
slides do not have universal strength over their entire cross section. The annotations on the 
figure below show this. 
 
 
 
 
 
Figure 6.6- Cross section of the accurride  
Image sourced – www.accuride.com 
These ball bearings slides have maximal load tolerances of up to 300kg depending on which 
product you purchase. The Maxi RUF system will use four of these ball bearing slides. The 
slides should be able to take the mass of the doors as well as the mass of one human 
hanging from the top of the door with a mass of 80kg. 
The specific slides, which have been chosen to use, are the shown in the table overleaf. 
100% of load 
rating on vertical 
axis 
The bottom value 
is in mm 
25% of load rating 
if force is applied 
horizontally 
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Slide 
Number 
Image 
Load 
Rating 
(Kg) 
Slide 
Length 
(mm) 
Slide 
Travel 
(mm) 
Special 
Features 
3607 
 
 
125 457 457 
Full 
Extension, 
Lever 
Disconnect, 
Lock Out 
0330 
 
 
65 305 305 
Hold in 
detent, 
Corrosion 
resistant 
Table 6.1-Slide selection  
Figures and results in the table sourced from www.accuride.com 
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The slides above have been determined to be suitable for usage within the system. Slide 
3607 is the slide which will be use for the horizontal opening of the doors; this is why the 
slide has a maximal slide length of 457 mm. This is the distance the doors will open. The 
0330 slide will be used for the pop out mechanism of the door. Both slides have been chosen 
as they both have a feature, which means the male parts of the slide are able to be removed 
easily. This is a reduction in maintenance complication so if a door needs to be changed they 
can be removed without having to disassemble complex mechanical mating systems. 
  
98 
 
Top plate (2) 
The top plate component as show in the figure below is the framework which slides the door 
mechanism away from the RUF. The main design factor behind the top plate is that it must 
be able to support the mass of the components, which are used in the opening, and closing 
of the system. 
The top plate itself shall be made from high strength aluminium alloy. As detailed in strength 
calculations in chapter 5 
This has been chosen as it has an extremely good strength to weight ratio. The door system 
need not be as robust and heavy duty as larger public transport systems, therefore 
aluminium is a more suitable choice that heavy duty steel. The intended thickness of the 
aluminium sheet will have to be 5 mm to keep the plate as stiff as possible. The sheet must 
also be formed into a profile to which would give a higher rigidity than that of that of 
standard sheet. 
99 
 
Electric motors (3) 
Pop-out mechanism 
According to the calculations made in the Chapter 6 section 6.1 of the pop-out mechanism 
now the motor can be chosen. The use of these two motors is to make the push out system. 
The motor would spin and translate the rotational movement into linear movement with a 
nut attached to the screw. The nut is attached to the door, this makes the door pop out.  
The system chosen is the one that can be seen in the Figure 6.7 
 
Figure 6.7- Linear rail system  
source: 
http://www.haydonkerk.com/Products/LinearRailsGuidesSplines/LinearSlidesandRails/LRSSe
riesLinearRails/tabid/267/Default.aspx  
Figure 6.8 shows work conditions that our system has for example the maximum velocity, 
the maximum stroke and the size, as they are the more important for us to fulfil our goal. 
With this system we would be able to push out the door at 0,14 m/s and with a required 
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force of 300 N. In conclusion that system is indicated, as we will be able to open the door 
within 0,5 seconds for the pop out mechanism.  
 
Figure 6.8 - Work conditions of the linear rail system 
Source: 
http://www.haydonkerk.com/Products/LinearRailsGuidesSplines/LinearSlidesandRails/LRSSe
riesLinearRails/tabid/267/Default.aspx 
More characteristics are shown in the figure 7 were the maximum travel length of the 
systems is shown. We needed 70mm for our system so it is more than enough.  
 
Figure 6.9-  More work conditions of the system 
source: 
http://www.haydonkerk.com/Products/LinearRailsGuidesSplines/LinearSlidesandRails/LRSSe
riesLinearRails/tabid/267/Default.aspx  
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The linear rail system is made from the Haydon company. The linear rail system and the 
motor are sold separately but they also provide them both. As quoted by them: 
“For optimum performance, the system can be fitted with the Haydon™ patented, Size 17 
Hybrid Linear Actuators available in a wide variety of resolutions - from 0.001524 mm 
(0.00006-in) per step to 0.048768 mm (0.00192-in) pe r step, and delivers thrust of up to 222 
N (50 lbs.). For greater performance Size 17 Hybrid Double Stack Linear Actuators provide 
0.0158 mm (0.000625-in) per step to 0.127 mm (0.005- in) per step and delivers thrust of up 
to 337 N (75 lbs.). 42.5 cm (16-5/8 in.) x 4.3 cm (1-5/8 in.) sq., Black Ice™ PTF Leadscrew with 
Size 17 Hybrid Linear Actuator” 
So the following Figure 7 is the actual linear rail system with the hybrid linear actuator 
placed, se here we can see the total length of the system and the maximum stroke of this 
model in particular. The stroke is 71 mm so it's perfect for our purpose. 
 
Figure 6.10- Technical specifications of the linear rail with the motor attached 
source:http://www.haydonkerk.com/Products/LinearRailsGuidesSplines/LinearSlidesandRails
/LRSSeriesLinearRails/tabid/267/Default.aspx 
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The table 6.2 below expose the characteristics of the different hybrid actuators found. The 
best option is remarked in orange also the force and the stroke needed. The other option 
would be 43000, size 17 but the force might be small for what the calculations shown us. 
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Series 
Travel / Step 
(Micron) 
Max Force 
(Range) (N) 
Stroke (mm) 
Body 
Dimension 
(Size mm) 
 
  
  
 
  
Cap Ncap/Ext 
 
  
21000 Size 8 1.5 - 40 2 - 45 
9.0 -
38.1 
Up to = 
200 
21 mm (0.8") 
28000 Size 11 3 - 50 15 - 90 
12.7 - 
63.5 
Up to = 
250 
28 mm (1.1") 
35000 Size 14 1.5 - 50 50 - 220 
12.7 - 
63.5 
Up to = 
300 
35 mm (1.4") 
43000 Size 17 1.5 - 50 100 - 220 
12.7 - 
63.5 
Up to = 
400 
43 mm (1.7") 
57000 Size 23 4 - 50 300 - 880 
12.7 - 
63.5 
Up to = 
500 
57 mm (2.3") 
87000 Size 34 12.7 - 127 400 - 2200 
12.7 - 
63.5 
Up to = 
500 
87 mm (3.4") 
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Table 6.11- Pop out motor selection 
Figure 6.11 shows the technical drawing of the hybrid double stack linear actuator that 
would be placed in the rail system. 
 
Figure 6.12 – Non Captive linear actuator 
28000 Double 
Stack Size 11 
3 - 50 30 - 133 
12.7 - 
63.5 
Up to = 
250 
28 mm (1.1") 
35000 Double 
Stack Size 14 
15.8 - 127 50 - 220 
12.7 - 
63.5 
Up to = 
300 
35 mm (1.4") 
43000 Double 
Stack Size 17 
15.8 - 127 50 - 350 
12.7 - 
63.5 
Up to = 
400 
43 mm (1.7") 
57000 Double 
Stack Size 23 
12.7 - 127 150 - 880 
12.7 - 
63.5 
Up to = 
500 
57 mm (2.3") 
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Figure 6.12 shows the load characteristics of the motor as the voltage and the current to 
administrate.  
Figure 6.12- Load characteristics of the double stack hybrid linear actuator 
Sliding mechanism 
There are many different types of motors that could fulfil this job, in fact because of the 
advances in technology nowadays motors are available that give high-performance within a 
compact size.  
We have chosen a brushless DC motor that has better efficiency and free maintenance. This 
increases the price initially but after some years of use, the payback of the system is secured.  
The motor function is to make the door slide to the sides. For this purpose the motor needs 
to use a gearbox between the motor and the gears that would spin the screw. When the 
motor spins, it will produce a movement in the gearbox which will rotate the gear in one 
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direction and the gear touching will rotate the other direction. The second gear (the one 
attached to the screw) will produce movement to the screw and the nut will start to move in 
horizontal direction and push the door sideways.  
In figure 6.13 we can see how our motor could look like in different sizes.  
 
Figure 6.13- Different models of brushless DC motors of Aerotech 
The figure 6.14 below shows the technical drawing of our model BM 130. This is needed to 
know if the motor would fill in the space required.  
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Figure 6.14- Technical draws of the BM 130 
The table with all technical information about the different motor models can be found in 
the appendices.  The highlighted is the chosen one because of the better enclosure within 
our calculations. 
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Screw Rod (4) 
 
The screw rod is the component which is spun by the electric motor to open the door once it 
has popped out.  
 
 
Figure 6.15- Screw rod 
The figure above shows the screw which will be used. The screw has a pitch of 24mm, this 
means that it will use 8 revolutions per second to open the door 450mm. 
The rod itself will be made from mild steel, the forces to which will be applied to the shaft 
are low so having specifying a suitable material is not too important. 
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Screw Nut (5) 
The screw rod and nut are the components, which transfer the input of the motor into linear 
motion. The opening system will use two variations of the screw as well as.  
 
Figure 6.16 – Screw nut 
Source: www.richland.com/tw 
 
 
Figure 6.17 – Screw nut specification 
Source: www.directindustry.com 
 
This system would be mounted to the door, as the screw rod is rotated from the motor, the 
‘nut’, as seen in the figure above slides along the shaft. As you can see above the system 
uses ball bearings inside the nut as they create a small amount of friction. 
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In terms of specifying a component for this system the nut would have to be custom 
designed, to the dimensions of the screw shaft (see screw shaft component) 
Connecting rod (6) 
The connecting rod (door axe) in the system is the long shaft, which connects the top to the 
bottom of the door. It is the component, which transfers the rotary movement at the top of 
the door to the support bearing at the bottom. The main force to which the connecting rod 
must be able to withstand is the torsion force of the pop out mechanism. The rod must have 
high stiffness so as to transfer the most amount of energy to the bottom bearing without 
any losses. The forces transferred through the system are not high, therefore it is not of 
critical importance to put vast amount of research into the material selection of this 
component. 
Stainless steel should suffice for this component with a tensile strength of 1990 MPa and a 
Young’s modulus of elasticity of 216 GPa. 
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Rotary ball bearing (7) 
The rotary ball bearing in this system is used at the bottom of the door. These ball bearings 
are used as the pivot point for the connecting rod at the bottom. Standard ball bearings will 
be used for this as they are so cheap and readily available. (See figure below). 
 
Figure 6.18- Cross view of the rotary ball bearing 
Sourced from – www.skf.com/skf/product catalogue 
7024 BECBM – 20mm inside diameter ball bearing 
The image above is a standardised 20mm inside radius ball bearing. This inside diameter is 
the width of the connecting rod. Two of these would be used to reduce the friction on the 
connecting rod. Bearings have been chosen for several factors.  
The Coefficient of friction is negligible – 
fm = 0.0035  
112 
 
Therefore as the coefficient of friction in a bearing is so low this means that the effects and 
losses in a system due to friction will be low. This means a lower cost/lower torque motor. 
Part cost and part maintenance is low, cyclic rate of an axial cylindrical roller bearing is very 
high with a long life cycle.  
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Frame structure (8) 
The opening system will have a framework of extruded aluminium sections, this framework 
will be the support structure for all the other components. Therefore it must fulfil certain 
criteria 
 It must have good tensile strength and shear strength. 
 It must be stiff. 
 It must be of reasonable cost. 
 It must be low in weight. 
The figure below is a profile view of the cross section used for the support structure of the 
opening mechanism. The profile itself would be extruded and hot formed into the desired 
shapes for the RUF. I-Beam has been chosen for its resistance to bending and shear in the 
plane of the web (central strut) 
 
Figure 6.19  – I beam showing the strongest direction to apply load/force 
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The figure below shows a simple cantilever simulation of an I-beam. The simulation shows 
there being a fixed end (green arrows) and a force/load being applied at the opposite end 
(purple arrows). 
 
 
Figure 6.20 – Computer simulation of an I-beam cantilever test 
Beam length – 450mm 
Force – 400N 
As you can see there is the highest stress at the supported end. However as I-Beams are 
strongest through the plane of the central web, there is a strip of low stress/compression 
through the middle. This is what gives the I beam rigidity. 
The material chosen for the I-beams is aluminium 7015. This is a high grade aluminium to 
which meets the specifications for a support material for the system. This grade of 
aluminium can also be extruded and bent into the desired profiles. 
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Panelling (9) 
Plastic panelling is fastened to the framework of the opening mechanism, this is done for the 
following reasons. 
 Protection from the elements, corrosion, water, dirt and sand. 
 To give the frame work a good aesthetic, panelling can add curvature and shape to 
what would be support structure. 
 
For the safety of the users, moving parts and electronics must be kept out of the reach of the 
users. 
 
For the panelling vacuum formed ABS will suffice, the demands for the panels are not high 
so a cheap material is the most appealing option 
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6.1.1 MORPHOLOGICAL CHART 
 
 
Figure 6.21 – Morphological Chart   
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7 CHAPTER 7 - FINAL SOLUTION 
7.1 PRESENTATION 
Figure 7.1 – Outside view of door mechanism 
The Final door mechanism is a sliding door system. The doors First make a movement 
outwards then in the second step they slide along the side. 
 
Figure 7.2 – Inside view of mechanism 
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The main goal of this door design was to use as less space as possible due to the small space 
inside the Maxi RUF. Another design driver was the high maintenance on existing door 
systems, this is impossible for a system as the RUF where there are many vehicles.  Price of 
controllers and motors are dropping constantly. This makes that in the future it will be 
cheaper to make systems with different motors for every movement than a system with one 
motor and many mechanical components that demands high maintenance. The result is a 
flat and simple system with easy maintenance designed regarding the future. 
 
Figure 7.3 – View from bottom. 
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Figure 7.4 – View from inside of mechanism 
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7.2 OPENING STEPS 
7.2.1 POP OUT 
 
Top plate, rails and motors 
 
Figure 7.5 – Top plate mechanism in 
The first movement is done by moving the top plate (1) with the step motors (2) and door 
attached to it outward. The top plate is connected by 2 sliders (3) on each side of the plate. 
Two step motors (2) attached to the plate and the brackets push the plate and doors 
outside. 
1 
2 
2 
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Figure 7.6 – Top plate mechanism out 
Door axe 
To give the door more strength, there is a second rail(4) with a slider on the bottom of the 
door. This slider(5) is connected by the door axe(6) to make the same movement as the top 
plate. (Picture lower right) 
3 
3 
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Figure 7.7  – Left: view of door with axe, Top right: lower rail and slider on door, Down right: 
Connection to top plate 
4 
4 5 
6 
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Figure 7.8 – Cut from connection of door axe to the top plate, Closed 
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The movement of the slider in the rail on the Top plate is identical to the movement of the 
slider in the lower rail. This will make the door come out evenly on both the top and the 
bottom.  
Figure 7.9  – Cut from connection of door axe to the top plate, Open 
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7.2.2 DOOR SLIDING 
The sliding of the door is one by a slider(7) and a connection to a spinning screw(8) 
connected to a motor. 
Figure 7.10 – Presentation of door sliding system 
Rails 
The rails are connected to the door by a bracket(9) and on the other side to the base plate. 
 
Figure 7.11 – Rail and bracket 
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Motor and screw 
To make the doors move, the brackets are connected to a screw(10) with a nut(11). When 
the screw start to spin the nut will move and slide the door. 
 
Figure 7.12 – Door screw and nut 
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8 CHAPTER 8- ALTERNATIVE RESEARCH 
This chapter is a analyse of the dimensions in the new RUF concept. Changing the concept 
means that the interior dimensions change, Therefore a anthropometric analyse is needed. 
8.1 ANTHROPOMETRIC RESEARCH 
8.1.1 THE MAXI-RUF SPACE 
EXTERIOR DIMENSIONS 
Figure 8.1 : Rendering of the Maxi RUF model 
The Maxi RUF is a small compact public transport system, for transporting for 8 to 16 people 
depending on the seating arrangement. To be able to put 2 Maxi RUF over each other under 
the existing bridges, the height of the vehicle had to be reduced from 2m to 1.8m. This 
change in height of 20cm demands that the Maxi RUF vehicle should be redesigned. Also the 
doors have to be redesigned so they can open under the bridges.  
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Figure 8.2: Presentation of the Maxi RUF under a bridge 
8.1.2 SPACE REQUIRED FOR SEATING 
To be able to place the seating inside the Maxi RUF, the required space for sitting had to be 
defined. The used data and recommendations come from anthropometric tables and 
handbooks.  
 Bodyspace: Anthropometry, Ergonomics and the Design of the Work | 
Stephen Pheasant 2006 
 Copy of tables from anthropometric data book: Anthropometric Source Book. 
Volume 2: A Handbook of Anthropometric Data | WEBB ASSOCIATES YELLOW 
SPRINGS OH.  
 Engineering Design Solutions: Future considerations, Bus driver’s cab | 
Farzana Ismael 2003 
 Durable Ergonomic Seating for Urban Bus Operators | Harry Saporta, 
November 2000 
4m
->
4
.5
m
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 ERGONOMICS & DRIVING | Occupational Health Clinics for Ontario Workers 
inc. 
To be able to fit most people in the space, the used numbers are 95th Percentile (Further 
referred as P95). This means that 1 in 20 people do not fit in these dimensions. To be able to 
work more efficiently the dimensions have been rounded up to the next centimetre. 
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IDEAL SEATING SPACE 
 
 
Figure 8.3: Seating dimensions of the Ideal seating space 
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To be able to fit the P95 we used recommendations and dimensions from different 
Anthropometric books. The result is that we should need 1m space from the side and 55cm 
from the front to fit P95. The existing design has only 80cm space and uses seats with a 
thickness of 20cm which is a big loss of space. 
(Compartment is 4m/5seats = 80cm/seat) 
The conclusion of the ideal seating space is that the 
existing design has a basic dimension problem. The 
space for every seat is 80cm when it should be 1m. 
By placing the next seat slightly over the legs of the 
previous seat, you might win 10cm, but this is still 
10cm to short of the Ideal seating space. Also the space in front of the knee is very small 
(aprox. 5 to 10 cm) which makes getting in and out of the Maxi RUF even harder.  
Figure 8.4: Sitting after each other 
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MINIMAL SEATING SPACE 
A reduction of seating space is possible in a certain way, but for every change, the 
discomfort for the passengers will increase. For example the free space in front of the feet of 
the passenger can be reduced to 5 cm, for long distances this could bring discomfort. The 
second dimension that can be reduced is the width of the seating space. By reducing the 
seating width by 5cm the people will be touching each other when seating next to each 
other. For cultures where the physical contact is high, this reduction of space can increase 
the number of seats in the maxi RUF.  
 
Figure 8.5: Seating dimensions of the Ideal seating space 
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8.1.3 INISIDE DIMENSIONS 
DRIVER COMPARTMENT  
 
Figure 8.6: Side cut of Maxi RUF model, Driver compartment 
The existing driver compartment has a dimension of 2m, after anthropometric analysis’s we 
could reduce the size to 1.7m. The space required for the driver to sit and be able to adapt 
the seating position for maximum comfort is 137cm; the remaining 33 cm have been 
reserved for the thickness of the dashboard. 
1700 
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Figure 8.7: Seating dimensions of driver space 
SEATING COMPARTMENT  
 
Figure 8.8: Side cut of Maxi RUF model, Seating compartment 
2000 2000 
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The size of the new seating compartment has increased by 30cm from the driving 
compartment. This makes the new compartment 4,3m, which enables us to make other 
seating arrangements. The picture is only a prototype of the interior that does not uses the 
extra 30cm. The next step will be to redesign the seating arrangements of the Maxi RUF 
using these new dimensions.  
MOTOR COMPARTMENT 
 
Figure 8.9: Side cut of Maxi RUF model, Motor compartment 
The end dimension of the motor compartment is 1m in length. This is the same dimensions 
as in the existing design of the Maxi RUF.  
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OVERVIEW OF TOTAL INTERIOR DIMENSIONS  
 
 
Figure 8.10: Side cut of Maxi RUF model, General dimensions 
     
Figure 8.11: Front cut of Maxi RUF model, General Dimensions 
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8.1.4 SEATING ARRANGEMENTS 
SEATING ARRANGEMENT 1 
This seating arrangement is designed to fit the most passengers inside the Maxi RUF. The 
passengers are sitting on the bump of the rail facing the sides of the Maxi RUF.   
Top view 
Front sideview 
Right sideview 
1 
2 
3 
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The used reference for the seating space is the ideal seating space. 
Figure 8.12: Seating arrangement 1 with dimensions of P95 
Comment on the seating arrangement:  
1. On the right side view the remaining space over the head of P95 is only 7.5cm. This is 
not enough to allow passengers to get inside, also this dimension gives a 
claustrophobic feeling to the passengers. 
2. In the Top view the remaining space between the sides and the most comfortable leg 
position is also only 7.5cm. This means there is no space for feet movement. 
3. From the front side view we can see that the passengers don’t touch the ground with 
their feet because of the height of the seat. 
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SEATING ARRANGEMENT 2 
The second seating arrangement is similar to the previous one, except that the people are 
not sitting on the rail but in front of the rail. 
 
Figure 8.13: Seating arrangement 2 with dimensions of P95 
 
Top view 
Front side view 
Right side view 
2 
Empty lumbar space 
1 
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Comments on the seating arrangement: 
1. If we use the ideal sitting space, the top of the feet of P95 would be sticking out with 
5cm. This could be resolved by using the lost space of the lumbar column to put the 
chair 5cm more in the rail. 
2. Because the passengers are using all the space in front of their feet, there is no more 
space left for passengers who don’t sit in front of a door to get out. 
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SEATING ARRANGEMENT 3 
The third possible seating arrangement is a more luxurious seating position. By reducing the 
number of passengers the comfort of the user can be improved.  
 
Figure 8.14: Seating arrangement 3 with dimensions of P95 
3 
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Comments on the seating arrangement: 
1. Reduced number of passengers, but increased comfort in space. 
2. Good accessibility of the seat from the door. 
3. Space left for luggage on the rail in the middle. 
CONCLUSIONS OF DIFFERENT SEATING ARRAGEMENTS 
The first two seating compartments are more suitable for maximising the number of 
passengers inside the Maxi RUF, but reduce the comfort of the passenger. The third seating 
arrangement is designed for comfort and space, but the number of passengers is much 
lower. So a compromise between comfort and number of passengers must be found in the 
next phase of the design process. Also a combination of both seating arrangements could be 
created to give maximum flexibility between rush-hour and normal operating hours. The 
result would be that there is no more need of 2 different Maxi RUF on the network to be 
able to handle the different traffic hours. 
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8.2 EVIRONMENTAL RESEARCH 
Using the information from Cross Cultural communication class we decided to split the 
different environments into different groups according to the characteristics. The Maxi RUF 
should be designed according to the different cultures and their social behaviour. Because 
Asia is already over populated and over developed, we decided to keep focussed on Europe 
and America.  
8.2.1 DIFFERENT CHARACTERISTICS 
NORTH EUROPE 
Deal focused 
Informal 
Monochronic 
Reserved 
Interpersonal distance: >50cm 
Touch behaviour: Low contact 
Eye contact: Variable eye contact 
SOUTH EUROPE 
Less deal focused 
More Formal 
Moderately monochronic 
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Very expressive 
Interpersonal distance: 20 to 40cm 
Touch behaviour:  High contact 
Eye contact: Intense 
NORTH AMERICA 
Strongly deal-focused 
Informal 
Monochromic 
Variably expressive 
Interpersonal distance: >50cm 
Touch behaviour: Moderate 
Eye contact: Variable 
SOUTH AMERICA 
Relationship focused 
More Formal 
Polychronic 
Very expressive 
Interpersonal distance: 20 to 40cm 
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Touch behaviour: High contact 
Eye contact: Intense 
8.2.2 SYNOPSIS OF DIFFERENT ENVIRONMENTS 
NORTH EUROPE 
Northern Europe is a closed culture, for them business comes on the first place and relations 
only take a second place. In their physical contact these cultures are not personal and more 
distant then the south European countries and cultures. For them the RUF should be a 
reliable, luxurious and personal transport vehicle. A separate compartment for higher 
working people is required for these cultures. This is the reason why separate compartment 
in the Maxi RUF correspond better to these cultures. 
SOUTH EUROPE 
The further south you go in Europe, the more the cultures give importance to relations and 
physical contact. This means that people are less scared of sitting next to each other in 
public transport. The Maxi RUF should be an open, social and simple transport vehicle. 
NORTH AMERICA 
North America is a much more deal focused culture then North Europe but they are much 
more open to physical contact with each other. The different classes are more close to each 
other then in North Europe. This means that for the Maxi RUF the people should travel 
punctual, semi-personal and luxurious. 
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SOUTH AMERICA 
The only difference between South America and South Europe is that they are more 
Polychronic. For them being punctual is not so important, there where the cultures of South 
Europe evolve to a more Monochronic culture. This evolution is due to the higher 
connection between cultures in Europe than in America. 
8.3 USER STEPS 
This list of user step is a tool used for controlling the design on its usability for the user. The 
concept will be checked in different stages of the design process using this checklist. This 
way we can detect any problems with the usability of the design before the end result and 
eventually correct the errors.   
8.3.1 ORDERING THE MAXI RUF 
The first step of the use of the Maxi RUF is to get in contact. Because this is still an 
undecided part of the design we leave the different possibilities open for further work. 
8.3.2 BUS STOP SYSTEM 
This means that the Maxi RUF will use the same principles as the existing Bus system. For the 
passenger to use the Maxi RUF he will have to get to a Bus stop. At the bus stop he will have 
different possibilities: 
PRIVATE ROUTE 
This means that the passenger can order a Maxi RUF through a computer system for his trip. 
The computer will then calculate the best way for the passenger to get to his destination. 
147 
 
This makes the network more flexible to anticipate traffic and makes every bus road 
different to respond to the passengers demand. 
PUBLIC ROUTE 
Like the existing public transport system each bus has a specific known road and number. 
The passenger waits at the bus stop for his bus with the right number. 
8.3.3 HOME PICK UP SYSTEM 
The passenger can order a Maxi RUF pick up from their computer at home. The computer 
will find the best suiting Maxi RUF for his trip and plan a stop in front of his door. 
8.4 ENTERING THE MAXI RUF 
8.4.1 OPENING OF THE DOOR 
When the Maxi RUF arrives at destination the passenger must open the door to his specific 
place. Here we can control a few things during the design process: 
 Is the door easily distinguish from the rest of the Maxi RUF 
 How can the passenger know which cabin he has to enter? Which cabin is free? 
 Is the door opening button visible and accessible? 
 Can the door open safely in different situations?  
 What if the door has a technical malfunction? 
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8.4.2 ENTERING THE CABIN 
Now that the door is open, the passenger can enter the cabin of the Maxi RUF. Because of 
the specific height of the Maxi RUF, some problems can be encountered. Therefore we have 
to check certain aspects in this user step: 
 Is the door opening large enough 
 Should there be handles to help the passengers get in 
 Where the passengers can hurt themselves when entering 
 How can you enter with your bag 
 Is the space big enough to get in 
8.4.3 CLOSING THE DOOR 
Once the passenger is sitting in on his place and has put his entire luggage away, the doors 
are closing.  
 Should the doors close automatically or manually 
 When the doors close, is it safe 
 Is there an audio or visual signal to alert the passenger of the doors closing 
8.5 INSIDE 
8.5.1 LUGGAGE 
Most of the passengers travel with luggage that should be included in the user steps. 
 What is the size and type of most luggage 
 Is it clear where the passenger has to put their bag 
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 When the vehicle is braking or has to perform an emergency stop, is the luggage 
safely secured so it cannot hurt any passengers 
 Is it easy to put your luggage away 
8.5.2 ARRIVING AT THE DESTINATION 
Inside the Maxi RUF the passenger has no idea of where the Maxi RUF is or what the road is. 
 Can the passenger see where they are 
 Is there a warning before the stop 
 Can they see travel time 
 Can they order a Maxi RUF for the return trip 
8.6 GETTING OUT 
8.6.1 OPENING OF THE DOOR FROM INSIDE 
Once the passenger has arrived to his destination he will have to open the door to get out. 
 Is the door opening button accessible and visible for the passengers 
 Can the passenger be hurt by the opening of the door 
 Can they press the button accidently 
 How can the passenger know when they can open the door 
8.6.2 EXIT THE CABIN 
Now that the doors are open, the passenger can get out of the Maxi RUF and continue his 
journey. 
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 Is there enough place inside to get out of the Maxi RUF? 
 Is there a need for handles to get out? 
 How does he handle the luggage? 
 Can he hurt himself when he gets out of the cabin? 
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9 CHAPTER 9 – CONCLUSIONS  
9.1 CONCLUSION 
The following part of this report will contain information on concluding remarks from this 
project. This project was a team process, each member had to work together to achieve the 
common goal of re-designing the entry system into the Maxi RUF. A point to be made on this 
part of the project is that there has been an advancement and expansion of knowledge 
within all parties of the team. This was a necessity in achieving the final goal as this would 
not have been possible in the amount of time given if it were just a singular effort. 
Remarks to be made on the project are that only in researching the Maxi RUF as a whole did 
the group decide which direction progress needed to be taken, if research such as in chapter 
8 was not conducted then the group would not have discovered that there is too little space 
for singular seating of ten in the RUF. Therefore it is felt in the group that the research 
conducted through the initial/middle stages of the project was vital the final success of the 
system. 
The design process used was followed in terms of properly conducting development phases 
post initial ideas. This was a success in the group as it allowed every perspective of the 
design to be explored for feasibility, only once all development had been exhausted did the 
group make a decision on which design/designs could be taken on to further stages 
In looking into the final idea solution that the group has come up with, it is assumed that 
with more time and resources this system could be put into a real situation, due to time 
limits not all factors have been able to be covered however as well supported theory of how 
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a door system could be designed this is a working system which has been defined to a 
required level of engineering. 
9.2 LIMITATIONS 
Within this project there have been many limitations that the group has had to deal with, 
certain limitations would affect the progress made at different time scales. Perhaps the 
limitation which affected the group most of all is that of time. At different intervals of the 
project time has been an issue, setting limits for work to be completed has meant that at 
some points time was an issue but at others not. Therefore in reflection it is perhaps worthy 
of note that trying to set limits which allow an even distribution of work time . 
9.3 RECOMMENDATIONS 
This section of the report shall contain information on the further recommendations which 
the group thinks are appropriate if the project were to be carried on and more time were 
allowed. As the group have been working on the project for several months it is felt that the 
group has gained detailed knowledge into the project and that any recommendations will be 
well justified. 
There are still many specific parts of this project which require more time and input, as is 
mentioned in the limitations above. Further research should be completed covering the 
following areas. 
 Study seating arrangements in more depth and look at how they affect the 
mechanism; entry/exit from the RUF. 
 Installation of control systems pressure sensors and return switches. 
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 Study more options for the sliding mechanism,   magnetic linear actuators; Aerotech 
LTD (webpage: www.aerotech.co.uk) or tubular linear motors from Japan. They claim 
that “This solution is as compact as possible because doesn’t require ball screws and 
external motor”. The direct contact is mgavesi@nitek.it and the web page is 
http://www.nitek.it. 
 Study the aesthetics of the door as was not of high importance when designing the 
mechanism, however if the door system is to go into production it becomes of 
massive importance 
 Due to late changes in the mechanism design this could mean that the motor used 
may not be the ideal component. Therefore changes to calculations maybe in order 
and a different motor could be specified.   
 A finalised detailed gearbox should be specified and chosen 
 A professional mechanical engineer should be consulted to look at the system, with 
more specified knowledge on the system, some of the possible flaws maybe 
highlighted and developed at a further stage. 
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11 APPENDICES  
11.1 APPENDIX 1- WBS  
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11.2 APPENDIX 2- UPDATED AND UPLOADED GANTT CHART 
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11.3 APPENDIX 3- AGENDAS 
Week 40: 1st group meeting 
Presentation of the new concept for maxi RUF (by group 5) 
Comments: 
 Height should be 1,80m. 
 Research different user scenarios. (Rush hour, different cultures) 
Decisions: 
 The working prototype will not be build, because the system is proven to be 
functional and is already in use. 
 The existing system has to be rebuild for fitting the Maxi RUF. 
 To replace a working prototype, presentations and animations will be made. 
 Research on different user scenarios using the new design. 
 New Goal: To redesign the Maxi RUF entry system and interior according to different 
user scenarios. 
Planning week 41 
Planning week 41: 
 
 Research on different existing door-opening systems. (Michael, Pau) 
 Research on different environments and user scenarios. (Nicolas) 
 Preparation of questionnaire. (Bastiaan, Pau) 
 Patents, Norms ... Research. (Bastiaan, Pau) 
 Change existing design to 1,80m height to fit the new door system. (Nicolas) 
 Drive seats and passenger seat scale models and arrangements. (Nicolas) 
 Assignment for Teambuilding 
Week 41: 2nd group meeting 
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Changing the overall dimensions of the RUF is better avoided, only a change in height might 
be possible. (+- 5 to 10 cm) Also the height of the rail could be reduced of 5 to 10 cm to solve 
eventual design problems. 
Floor height is minimum 20cm from the ground. (The RUF has to be able to go into urban 
areas with bumps) 
Continue exploring the possibility to use linear motors and spindle motors. 
Anthropometric research: 
 Rail size in the middle, we are using the maximum size right now, this is only 
in the middle. 
 Horizontal sitting face is slightly angled. Chair can be moved to give more 
space. 
 Keep on researching in different anthropometric data’s from different 
countries. 
 Foot rest 
Justify every decision! 
Do a live mock-up test 
Use existing spaces as a reference; Volkswagen van, Limousine... 
Continue the research on cultural differences and giving different solutions for the interior 
and seating arrangement. 
Capacity consideration in the final presentation. 
Door system: 
 The forces on top and bottom of the door bend the panel. 
 Weight also bends the door 
 Maybe use a triangle configuration for the door. 
160 
 
 Belt system -> wear off 
 Choice between pneumatics and hydraulics should be researched, using cost, 
construction... 
 Environmental impact on the opening mechanism, snow, ice... 
 Skipped U shape, using guiding taps 
We can use the coffee machine!  (But don’t forget to turn it off!) 
Planning week 42 
Continue research on Patens, Norms etc. 
Continue User scenarios and different solutions for different cultures. 
Interior aesthetics and specifications. 
Interim Report 
Decisions on final idea for the door system. Choice of system and driving system. (hydraulics 
vs. pneumatics, spindle motors, linear motors) 
Research on the driving motor. 
Questionnaire. 
Week 42: 3RD group meeting 
Project Review 
Seating  arrangement:  
 Bike: Getting in out, dirt, space... 
 Seating arrangements: Folding etc. 
Door opening mechanism: 
 Research on hydraulics and linear motors. 
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 First design the opening system, specify the force to be able to specify the motor 
system. 
 So: Start with schematics and drawings. 
Send peer review 
Put agenda on Campusnet 
Next meeting in week 45, If needed still available. 
Planning week 33 
Preparing Presentation 
Feedback other group 
Design of door opening mechanism 
Week 44: No group meeting 
No meeting-> Presentation of Interrim report 
Planning week 45 
Design of door opening mechanism 
Start strengt calculations 
Define components 
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Week 45: 4th group meeting 
Comments on the 2 designs: 
- Excentric pulls door out(cam) 
Nicolas 
- The sliding parts 
- Only 1 point connected 
- No rail on bottom 
Safety factor of 1.2 
The rails in the design is 1/3 way up 
Make it stiff by choosing a good profile 
Linear motors with magnets are too expensive 
Linear motors are strong, quick a reliable enough 
Belt system is also good, but needs to change the belt every year. 
The door must be possible to open by hand in case of emergency 
People are used to the speed of the metro (doors) 
The door tries to close 3 times, and then it stops. 
Calculate torque in every part 
ZF denmark 
Planning week 46 
Define and calculate the door mechanism. 
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Week 46: 5th group meeting 
2 motors, synchronisched 
3 motors is better (wolffgang) 
Motors are so cheap 
2 motors each side to push out 
Control mechanism is very easy 
Step motor to slide it out 
DC motor is strong enough for the system 
Brushless DC motor little bit more expensive, but less maintenance 
In RUF everything is DC 
 
CONTACT hp 
Contact ZF Denmark 
Contact Linear drives  
Change the front page to what wolffgang said. 
Rewrite the abstract—quick and with pictures 
Planning Week 47 
Defining components and calculations. 
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Contact HP (now: Vapor/Wabtec) 
Modelling model for final presentation. 
Strength calculation of  the components. 
Week 47: 6th group meeting 
Discussion about the lower sliding mechanism. Possible solutions: 
 Identical system as on top 
 Also a gear system hidden in the floor 
 Make the axe all the way to the bottom. 
 Piston system for the lower slider. 
Animation can wait until after the report. 
Picture, where only the part where we speak about is revealed. 
Summary of the working. What moves, come out etc. 
Material research for the report. 
Make the report interesting like a story. 
Picture on the front page of the mechanism to show people what we are working on. 
Change Gantt Chart 
Update R matrix 
Planning Week 48 
Further defining of components and calculations. 
Contact HP (now: Vapor/Wabtec) 
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Further modelling model for final presentation. 
Strength calculation of the components. 
Change Gannt Chart 
Change R matrix 
First draft of Report 
Week 48: 7th group meeting 
Search for people who are good with SW 
Music by the animation 
Make a movie for the presentation 
30 – 40 minutes  
1 external examiner 
Numbers start more on the left, chapters in bold, including introduction also in the report. 
Icons on the headlines in the report 
think about the numbering with the sketches 
chaptering isn’t correct 
References, don’t break them down, book title, no headings necessary  
Date by website 
Appendix 1, Appendix 2. not like 11.1 
agenda’s not itemizing 
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Conclusions - technical one 
  - personal comments 
before references conclusions and comments(discussion) 
Everything in 3rd person, except for conclusion 
4 p construction 
Summery end of each chapter 
how important are the calculations to show? 
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11.4 APPENDIX 4: THE VISIT TO THE METRO WORKSHOP 
 
While researching on the door 
opening system, the project 
group tried to see what system 
the metro used. Research at the 
metro station in Vanlose gave us 
to little information. The 
mechanism was sealed as you 
can see in the picture below. You could only hear and guess what is behind it.  
Figure  A.1-Photo research train station Vanlose 
During one of the meetings the idea came up that we should take a look in the metro 
workshop. Nicolas contacted the workshop in Vestamager and arranged a tour through the 
workshop. We went to the workshop at the 11th of November.     
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Description of the metro door system    
The door is controlled by a control unit as you see in the picture below. The control unit gets 
information from the motor and the sensors around the door. The control system activates 
the motor(1). The motor activates the pop out gear(3), the door moves outwards and the 
motor stops turning the pop out gear. The gearbox(2) turns the bevel shaft(5). The bevel 
shaft is connected by a chain to the screw as you can see in picture XXX. The screw pushes 
the unit which is connected to the door and let the door slide open.  
          Figuere A.2- Door opening system metro 
1: Motor    5: Bevel Shaft 
2: Gearbox    6: Screw 
3: Pop out gear   7: Control unit 
4: Chain connection with the screw 8: Connection to the door 
 
 
 
Connection screw (6) and bevel (5) 
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Figure A.3- Door unit and screw 
Door control unit (7), connection to the door (8) and the manual controls in the left top 
corner. 
As you can read, this system had 2 phases. Pop out and move open.  Every step is controled 
by the control unit, every sensor sends the information to the box. If the door isn’t closed 
properly. The metro can’t leave. There are sensers in the rubbers between the 2 doors, to 
sense if something is between it when the door closes.  And sensors to check if the door is 
closed and locked. 
Conclusion:  
In the workshop they were working on the doors. The doors need the most maintenance. 
The employees mentioned the following points: 
- The rubbers 
- The sliding bars 
These parts need extra attention while designing a door for the Maxi-RUF  
A very inspiring day at the metro workshop where we have seen and learned a lot. 
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11.5 APPENDIX 5: MOTOR CALCULATIONS 
 
The following calculations are made in order to choose the proper motors to drive our 
systems: the pop out mechanism and sliding mechanism.  
Pop out system motor calculations 
 
Figure A.4- Forces involved and time constrain of the pop out system 
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Sliding system motor calculations  
 
 
 
 
  
Figure 1- Forces involved and time constrain of the sliding system 
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Figure 1- Forces involved and time constrain of the sliding system 
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Motor figures table 
Motor 
Model 
Units BM22 BM75 BM130 BM200 
Performance Specifications(1,5) 
Stall Torque, 
Continuous(2,
8) 
N-m 0.16 0.55 1.00 1.20 
 
oz-in 22.5 78.3 141.5 170.0 
Peak 
Torque(3) 
N-m 0.48 1.4 2.5 3.0 
 
oz-in 68 196 354 425 
Rated Speed rpm 3,000 4,000 4,000 4,000 
Rated Power 
Output, 
Continuous 
watts 50 207 323 460 
Electrical Specifications(5) 
BEMF 
Constant 
(Line-Line, 
Max) 
Voltspk/krp
m 
3.9 9 19 18 
Continuous 
Current, 
Stall(2,8) 
Amppk 4.9 10.0 7.5 10.0 
 
Amprms 3.5 7.1 5.3 7.1 
Peak 
Current, 
Amppk 14.7 25.0 18.9 25.0 
181 
 
Stall(3) 
  
Amprms 
10.4 17.7 13.3 17.7 
Torque 
Constant(4,9) 
N-m/Amppk 0.032 0.06 0.13 0.12 
  
oz-in/Amppk 
4.5 7.8 18.8 17.0 
 N-
m/Amprms 
0.045 0.08 0.19 0.17 
 oz-
in/Amprms 
6.4 11.1 26.5 24.0 
Motor 
Constant(2,4) 
N-m/√W 0.038 0.052 0.088 0.107 
  
oz-in/√W 
5.37 7.33 12.43 15.18 
Resistance, 
25°C (Line-
Line) 
ohms 0.67 1.0 2.0 1.1 
Inductance 
(Line-Line) 
mH 0.73 0.80 1.80 1.10 
Maximum 
Bus Voltage 
VDC 80 340 340 340 
Thermal 
Resistance 
C/W 6.26 1.14 1.00 1.04 
Number of 
Poles 
P 8 8 8 8 
Encoder Quadrature or Amplified Sine 
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Options 
Mechanical Specifications 
Motor 
Weight 
kg 0.4 1.1 1.5 2.0 
 
lb 0.88 2.42 3.30 4.40 
Rotor 
Moment of 
Inertia 
kg-m2 2.00x10-6 5.20x10-6 9.20x10-6 1.30x10-5 
  
oz-in-s2 
0.00028 0.0007 0.0013 0.0018 
Max Radial 
Load 
N 78 89 89 89 
 
lb 18 20 20 20 
Max Axial 
Load 
N 39 89 89 89 
 
lb 9 20 20 20 
Note: 
1. Performance is dependent upon heat sink configuration, system cooling conditions, and 
ambient temperature. 
2. Values shown @ 130°C rise above a 25°C ambient temperature, with motor mounted to a 
250 mm x 250 mm x 6 mm aluminium heat sink. 
3. Peak torque assumes correct rms current; consult Aerotech. 
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4. Torque constant and motor constant specified at stall. 
5. All performance and electrical specifications ±10%. 
6. Maximum winding temperature is 155°C. 
7. Ambient operating temperature range 0°C - 25°C; consult Aerotech for performance in 
elevated ambient temperatures. 
8. De-rate continuous torque and continuous current by 10% when using an encoder (does 
not apply to BM22). 
9. All Aerotech amplifiers are rated A
pk
; use torque constant in N-m/A
pk
 when sizing. 
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11.6 APENDIX 6 – TECHNICAL DATA FROM USED COMPONENTS 
Bearings for Axe and screw: SKF 7204 BECBM 
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Accuride DS0330 
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Accuride 3607 
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11.7 APENDIX 7 – SPECIFY WRITING 
 
Abstract Bastiaan 
Preface Bastiaan 
Chapter 1- Introduction Bastiaan 
Chapter 2- Structure of the project Group effort 
Chapter 3- Design Progress  Pau and Michael 
Chapter 4- Development of the final idea Pau and Michael 
Chapter 5- Calculations Nicolas and Pau 
Chapter 6- Final design componentry 
specification 
Michael 
Chapter 7 - final Solution Nicolas 
Chapter 8- Alternative Research Nicolas 
Chapter 9 – Conclusions Michael and Pau 
Research  Bastiaan 
Model and animations Nicolas 
Appendices Group effort 
